Design and preparation of POSS-based hybrid capillary monoliths by 苏娇
 学校编码：10384                                      分类号   密级     
学号：20520131151564                                           UDC    
 
 
 
 
 
 
 
 
 
硕 士 学 位 论 文 
   
 
POSS 基质毛细管杂化整体柱的设计与制备 
Design and preparation of POSS-based hybrid capillary 
monoliths 
 
苏娇 
 
指导教师姓名： 杨利民 副教授 
专  业 名 称： 分  析  化 学 
论文提交日期： 2016 年 12 月 
论文答辩时间： 2016 年 12 月 
学位授予日期： 2016 年     月 
 
  
答辩委员会主席：     
评    阅    人：     
 
2016 年 12 月 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 厦门大学学位论文原创性声明 
 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。
本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文
中以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活
动规范（试行）》。 
另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
资助，在（               ）实验室完成。（请在以上括号内填写课
题或课题组负责人或实验室名称，未有此项声明内容的，可以不作特
别声明。） 
 
声明人（签名）： 
          年   月   日 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 厦门大学学位论文著作权使用声明 
 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法》
等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位
论文（包括纸质版和电子版），允许学位论文进入厦门大学图书馆及
其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、
硕士学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇
编出版，采用影印、缩印或者其它方式合理复制学位论文。 
本学位论文属于： 
（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 
（     ）2.不保密，适用上述授权。 
（请在以上相应括号内打“√”或填上相应内容。保密学位论文应
是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密委
员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认为
公开学位论文，均适用上述授权。） 
 
 
                             声明人（签名）： 
年   月   日 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
I 
 
目录 
摘要（中文） ............................................................................................. i 
摘要（英文） ...........................................................................................iv 
第一章 绪论 .............................................................................................. 1 
1.1 色谱柱分类 .................................................................................................... 1 
1.2 色谱柱制备 .................................................................................................... 3 
1.2.1 分离介质.............................................................................................. 3 
1.2.1.1 开管柱....................................................................................... 3 
1.2.1.2 填充柱....................................................................................... 4 
1.2.1.3 整体柱....................................................................................... 5 
1.2.1.3.1 整体柱制备原理............................................................ 6 
1.2.1.3.2 聚合反应与整体柱分类................................................ 7 
1.2.1.3.3 加聚诱导相分离法制备有机整体柱............................ 9 
1.2.1.3.4 缩聚诱导相分离法制备无机整体柱.......................... 19 
1.2.1.3.5 不同方式聚合诱导相分离法制备杂化整体柱.......... 21 
1.2.2 分离模式............................................................................................ 26 
1.3 色谱理论 ...................................................................................................... 28 
1.4 Polyhedral oligomeric silsesquioxane (POSS) ........................................... 30 
1.5 论文的研究目的和主要研究内容 .............................................................. 33 
参考文献 ............................................................................................................. 34 
第二章 巯烯加成 OVS-PETMP-POSS杂化整体柱的制备 ............... 46 
2.1 引言 .............................................................................................................. 46 
2.2 实验部分 ...................................................................................................... 48 
2.2.1 仪器与试剂........................................................................................ 48 
2.2.2 实验方法............................................................................................ 49 
2.2.2.1 毛细管预处理......................................................................... 49 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
II 
 
2.2.2.2 巯烯加成 OVS-PETMP-POSS 杂化整体柱的制备 ............. 50 
2.2.2.3 巯烯加成 OVS-PETMP-POSS 杂化整体柱的表征 ............. 50 
2.2.2.4 POSS 的长链改性 ................................................................... 51 
2.3 实验结果与讨论 .......................................................................................... 51 
2.3.1 制备条件的优化................................................................................ 51 
2.3.2 材料表征............................................................................................ 54 
2.3.3 优化条件下杂化整体柱的色谱性能表征........................................ 56 
2.3.4 重现性................................................................................................ 58 
2.3.5 POSS 改性 .......................................................................................... 60 
2.4 结论 .............................................................................................................. 61 
参考文献 ............................................................................................................. 61 
第三章 环氧-胺加成 POSS基多模式杂化整体柱的制备 .................. 64 
3.1 引言 .............................................................................................................. 64 
3.2 实验部分 ...................................................................................................... 65 
3.2.1 仪器与试剂........................................................................................ 65 
3.2.2 实验方法............................................................................................ 67 
3.2.2.1 毛细管预处理......................................................................... 67 
3.2.2.2 环氧-胺加成 POSS 基多模式杂化整体柱的制备 ................ 67 
3.2.2.3 环氧-胺加成 POSS 基多模式杂化整体柱的表征 ................ 68 
3.3 实验结果与讨论 .......................................................................................... 69 
3.3.1 制备条件优化.................................................................................... 69 
3.3.1.1 致孔剂的组成和比例............................................................. 69 
3.3.1.2 不同单体间比例的影响......................................................... 72 
3.3.1.3 不同单体混合物浓度的影响................................................. 74 
3.3.2 材料表征............................................................................................ 77 
3.3.3 优化条件下杂化整体柱的色谱性能表征........................................ 80 
3.3.3.1 反相色谱模式......................................................................... 82 
3.3.3.2 亲水色谱模式......................................................................... 85 
3.3.3.3 离子交换色谱模式................................................................. 87 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
III 
 
3.3.4 重现性................................................................................................ 88 
3.4 结论 .............................................................................................................. 89 
参考文献 ............................................................................................................. 89 
第四章 POSS改性及手性 POSS基杂化整体柱的制备 ..................... 91 
4.1 引言 .............................................................................................................. 91 
4.2 实验部分 ...................................................................................................... 92 
4.2.1 仪器与试剂........................................................................................ 92 
4.2.2 实验方法............................................................................................ 93 
4.2.2.1 八氨基盐 POSS改性 ............................................................. 93 
4.2.2.2 毛细管预处理......................................................................... 94 
4.2.2.3 手性 POSS 基杂化整体柱的制备 ......................................... 95 
4.2.2.4 手性 POSS 基杂化整体柱的表征 ......................................... 95 
4.3 实验结果与讨论 .......................................................................................... 95 
4.3.1 OAS 的改性合成及表征.................................................................... 95 
4.3.2 整体柱制备条件优化........................................................................ 98 
4.4 结论 .............................................................................................................. 99 
参考文献 ........................................................................................................... 100 
第五章 论文总结与展望 ...................................................................... 102 
5.1 总结 ............................................................................................................ 102 
5.2 展望 ............................................................................................................ 103 
待发表论文 ............................................................................................ 104 
致谢......................................................................................................... 105 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
IV 
 
Contents 
Abstract (in Chinese) ................................................................................. i 
Abstract (in English) ................................................................................iv 
Chapter 1 Introduction ............................................................................ 1 
1.1 Classification of chromatographic columns ................................................ 1 
1.2 Preparation of chromatographic columns ................................................... 3 
1.2.1 Separation mediums .............................................................................. 3 
1.2.1.1 Open tubular columns ................................................................ 3 
1.2.1.2 Packed columns ......................................................................... 4 
1.2.1.3 Monolithic columns ................................................................... 5 
1.2.1.3.1 Preparation principal of monoliths.................................. 6 
1.2.1.3.2 Classification of polymerization and monoliths ............. 7 
1.2.1.3.3 Preparation of polymer-based monoliths via addition 
polymerization ............................................................................... 9 
1.2.1.3.4 Preparation of silica-based monoliths via condensation 
polymerization ............................................................................. 19 
1.2.1.3.5 Preparation of hrbrid monoliths via different 
polymerization methods ............................................................... 21 
1.2.2 Separation modes ................................................................................ 26 
1.3 Chromatographic theory ............................................................................. 28 
1.4 Polyhedral oligomeric silsesquioxane (POSS) ........................................... 30 
1.5 Objective and main contents of the dissertation ....................................... 33 
References ........................................................................................................... 34 
Chaper 2 Preparation of OVS-PETMP-POSS hybrid monolith via 
thiol-ene addition polymerization ......................................................... 46 
2.1 Introduction .................................................................................................. 46 
2.2 Experimental section ................................................................................... 48 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
V 
 
2.2.1 Instruments and reagents..................................................................... 48 
2.2.2 Experimental methods ........................................................................ 49 
2.2.2.1 Pretreatment of the fused silica capillary ................................. 49 
2.2.2.2 Preparation of OVS-PETMP-POSS hybrid monolith .............. 50 
2.2.2.3 Characterization of OVS-PETMP-POSS hybrid monolith ...... 50 
2.2.2.4 Modification of POSS with long chain length ......................... 51 
2.3 Results and discussion ................................................................................. 51 
2.3.1 Optimization of synthesis conditions .................................................. 51 
2.3.2 Characterization of materials .............................................................. 54 
2.3.3 Chromatographic performance ........................................................... 56 
2.3.4 Reproducibility ................................................................................... 58 
2.3.5 Modification of POSS ......................................................................... 60 
2.4 Conclusions ................................................................................................... 61 
References ........................................................................................................... 61 
Chapter 3 Preparation of POSS-based multiple mode hybrid 
monoliths via epoxy-amine addition polymerization .......................... 64 
3.1 Introduction .................................................................................................. 64 
3.2 Experimental section ................................................................................... 65 
3.2.1 Instruments and reagents..................................................................... 65 
3.2.2 Experimental methods ........................................................................ 67 
3.2.2.1 Pretreatment of the fused silica capillary ................................. 67 
3.2.2.2 Preparation of POSS-based multiple mode hybrid monoliths . 67 
3.2.2.3 Characterization of POSS-based multiple mode hybrid 
monoliths.............................................................................................. 68 
3.3 Results and discussion ................................................................................. 69 
3.3.1 Optimization of synthesis conditions .................................................. 69 
3.3.1.1 Compositions of porogens ....................................................... 69 
3.3.1.2 Influence of monomers composition ....................................... 72 
3.3.1.3 Influence of monomers concentration ..................................... 74 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
VI 
 
3.3.2 Characterization of materials .............................................................. 77 
3.3.3 Chromatographic performance ........................................................... 80 
3.3.3.1 Reversed phase mode ............................................................... 82 
3.3.3.2 HILIC mode ............................................................................. 85 
3.3.3.3 Ion exchange mode .................................................................. 87 
3.3.4 Reproducibility ................................................................................... 88 
3.4 Conclusions ................................................................................................... 89 
References ........................................................................................................... 89 
Chapter 4 Modification of POSS and preparation of chiral 
POSS-based hybrid monolith ................................................................ 91 
4.1 Introduction .................................................................................................. 91 
4.2 Experimental section ................................................................................... 92 
4.2.1 Instruments and reagents..................................................................... 92 
4.2.2 Experimental methods ........................................................................ 93 
4.2.2.1 Modification of OAS ............................................................... 93 
4.2.2.2 Pretreatment of the fused silica capillary ................................. 94 
4.2.2.3 Preparation of chiral POSS-based hybrid monolith ................. 95 
4.2.2.4 Characterization of chiral POSS-based hybrid monolith ......... 95 
4.3 Results and discussion ................................................................................. 95 
4.3.1 Synthesis and characterization of modified POSS .............................. 95 
4.3.2 Optimization of monolith’s synthesis conditions ............................... 98 
4.4 Conclusions ................................................................................................... 99 
References ......................................................................................................... 100 
Chapter 5 Summary and prospects .................................................... 102 
5.1 Summary ..................................................................................................... 102 
5.2 Prospects ..................................................................................................... 103 
Publication ............................................................................................. 104 
Acknowledgements ............................................................................... 105 
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
i 
 
摘要 
整体柱具有制备简单、通透性好、传质速率快、表面性质可设计、无需柱塞
等优点，在微分离中使用毛细管整体柱还能节省流动相和样品，这些都促进了新
型整体材料的设计制备研究和应用拓展。整体柱可分为有机聚合物整体柱、无机
硅胶整体柱和杂化硅胶整体柱。相对于使用溶胶凝胶法制备的硅胶整体柱而言，
有机整体柱的制备过程更简便易行，且可选用的单体种类多，耐酸碱，适合生物
大分子的分离，但是必须注意到它在有机溶剂中易溶胀，导致柱寿命缩短和柱效
改变。为避免复杂的制备过程，又能兼有硅胶整体柱和有机聚合物整体柱两者的
优点，选用硅基杂化的笼状倍半硅氧烷（polyhedral oligomeric silsesquioxane, 
POSS）作为单体，通过有机聚合反应直接制备杂化整体柱。以 POSS 为单体制
备杂化整体柱有以下优点：相对于缩聚加聚协同诱导制备方法而言，制备过程简
化，有利于提高重现性；相对于烷氧基硅烷来说，不会有残余的硅羟基引起碱性
物质分离中的峰拖尾；POSS 结构规整尺寸一定，有利于获得高度有序的聚合物
结构；本身属于分子水平上的纳米杂化材料，耐热、耐氧化、机械稳定性以及
pH稳定性都较好；有 8个相同的活性位点，更易聚合和进行化学修饰。由于 POSS
本身的疏水性，现在 POSS 基质的整体柱基本都是应用反相模式进行分离，也可
通过后修饰引入其他性质的功能基团进行不同模式的分离。但是后修饰耗时、重
现性差、引入的单体含量不如一锅法直接聚合引入的量多。加之常用的自由基链
式聚合反应因速率极快难以控制，致使形成的固定相结构不均匀，渗透性和柱效
降低，重现性差。本论文利用商业化或实验室合成的具有不同性质的多官能团
POSS 为原料，通过逐步聚合反应一锅法制备新型杂化整体柱，以期得到结构规
整、能用于不同模式分离的高效整体柱。 
本论文主要涵盖以下五个方面的内容： 
1. 综述了整体柱的研究现状。着重介绍了利用不同聚合反应体系制备整体
柱固定相的技术及其与固定相结构的关联性，并提出本论文的选题依据和研究目
标。 
2. 以八乙烯基 POSS (OVS)和季戊四醇四巯基丙酸酯（PETMP）为单体，
通过巯烯反应制备了 OVS-PETMP 整体柱，详细考察了溶剂的选择条件。利用巯
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烯反应对 POSS 进行了初步改性。结果表明在 THF/MeOH/PEG 的混合溶剂中，
该体系单体浓度相对较大，能形成全充满的整体柱。渗透性极好，以水做流动相，
渗透性值为 3.15  10-6 m2。机械强度（柱压和流动相流速间的线性相关系数 R2 > 
0.999）及热稳定性（分解温度大于 340 ℃）都较好。但此整体柱受单体 OVS 的
溶解性限制及单体 PETMP 的易氧化性质影响，虽有较规整的结构，用于反相模
式分离时柱效却不高，甲苯的塔板高度仅为 42.09 μm，相应条件下固定相的亚甲
基选择因子 αCH2为 1.345。对多环芳烃保留虽强但不能完全分开，且分离和制备
重现性极差。另外巯烯反应用于 POSS 改性时，产率极低，进一步的改性反应进
程难以追踪、产物难纯化，需改进。 
3. 以八环氧基 POSS (EP-POSS)，八苯基氨基 POSS (PAM-POSS)和单氨基
七异辛基 POSS (IAM-POSS)为原料，通过环氧-胺加成反应制备了两种整体柱
PAM-EP-POSS 柱和 PAM-EP-IAM-POSS 柱，详细考察了溶剂的组成比例、单体
间比例及单体混合物浓度对整体柱形貌和性能的影响。结果表明两种整体柱都有
较规整的结构，都有较好的机械强度（柱压与流动相流速间线性相关系数 R2 > 
0.993）及热稳定性（裂解温度大于 400 ℃）。PAM-EP-POSS 柱以水做流动相，
渗透性值为 2.22  10-11 m2。它们不但都可以用于反相模式，还可以通过调节单
体比例获得亲水性的 PAM-EP-POSS 柱。键合有 C8-POSS 的整体柱因内部孔结
构分布杂乱实际反相分离效果不如 PAM-EP-POSS 柱。PAM-EP-POSS 柱反相模
式下对烷基苯和烷基苯酮实现了高效分离，甲苯的塔板高度为 6.42 μm。在含 0.1% 
TFA的纯水流动相中实现了对氨基酸和有机羧酸的分离；在 40% ACN 条件下对
苯二酚类的同分异构体有一定的选择性；在 80% ACN条件下以典型 HILIC 模式
对四种小分子探针（甲苯、N,N-二甲基甲酰胺、甲酰胺和硫脲）进行了高效分离，
塔板高度依次为 9.70 μm、7.46 μm、7.98 μm、8.78 μm。另外该柱在含 0.1% TFA
的 20% ACN流动相中通过离子交换作用实现了对无机阴离子（IO3
-、BrO3
-、I- 和
Br
-）的分离。上述结果表明通过该反应及使用特殊的原料确实能得到结构规整、
高柱效、实现多模式分离的稳定固定相。 
4. 用不同性质的 Boc 基保护的氨基羧酸对八氨丙基 POSS 盐酸盐（OAS）
改性，成功合成了可分别用作手性整体柱制备单体的 L-苯丙氨酸 -POSS 
(POSS-PA)和不同极性整体柱制备单体的长链 POSS (POSS-C6及 POSS-C12)。初
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步考察了制备手性整体柱的溶剂条件，结果表明溶剂间比例对固定相形貌影响极
大，当其他条件固定，MeOH/DMF/PEG质量比为 50/40/10 时，能得到基本的多
孔交联结构材料，但是该固定相通孔尺寸大于 5 μm，不利于待分析物的保留，
还需进一步优化制备条件。 
5. 总结了本论文的研究工作，对其不足进行了探讨，并对将来进一步的工
作进行了展望。 
关键词：POSS 杂化整体柱；巯烯加成杂化整体柱；环氧-胺加成杂化整体柱；
毛细管整体柱色谱 
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Abstract 
Monolithic column has the advantages of facile preparation, high permeability, fast 
mass transfer, devisable surface properties and frit less design. The use of capillary 
monolithic column in micro-column separation can reduce solvent and sample 
consumption. These do motivate further research, developing novel monolithic 
materials’ preparation and their applications. Generally, monolithic columns can be 
classified into three categories: polymer-based monolith, silica-based monolith and 
hybrid monolith. Compared with silica-based monolith prepared by sol-gel method, 
polymer-based monolith is of easy preparation, stable to pH, suitable for separation of 
macro-biomolecules, and there are various functional monomers available to be used. 
But it is easy to swell in organic solvents, which will shorten its lifetime. In order to 
avoid complex and time-consuming preparation process, and get the advantages of 
polymer-based and silica-based monoliths, hybrid material such as functionized POSS 
was chosen as a monomer to prepare hybrid monolith directly by means of organic 
polymerization. Chosing functionized POSS as monomers to prepare monoliths has 
the following advantages: 1) simpler preparation process and more helpful to improve 
the separation reproducibility when compared with the traditional method combining 
polycondensation and addition polymerization, in which tetraalkoxysilane, active 
trialkoxysilane and monomer are used; 2) no remained silicon hydroxyl residuals that 
cause peak tailing of basic compounds; 3) highly ordered polymer structure due to the 
regular structure and fixed size of POSS; 4) better heat and oxidation resistences as 
well as mechanical and pH stabilities because functionized POSS itself is a 
nano-hybrid material at molecular level; 5) more conducive to polymerization and 
additional chemical modifications owing to the eight same active sites in functionized 
POSS unit. Most of the POSS-based hydrophobic monolithic columns prepared in 
recent years were used in the reversed phase mode, and could be used in other 
separation modes that depend on the nature of the functional groups introduced by 
post-modification. However, post-modification is time-consuming and frequently 
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leads to poor reproducibility. In addition, the amount of functional groups introduced 
by post-modification is less than that using a functionized POSS by a one-pot 
approach. The commonly used organic polymerization is free radical chain 
polymerization. Its fast polymerization rate makes the reaction process hard to control, 
resulting in irregular microstructure, lower permeability and efficiency and poor 
reproducibility. In order to obtain the monolithic columns with homogenous structure 
and available for efficient separations in various separation modes, step-growth 
polymerizations based one-pot synthetic method have been studied during my MSc 
study. 
This dissertation has five parts described as follows: 
1. The current state of monolithic columns research were reviewed, especially 
focusing on the strategies for the preparation of monolithic columns via different 
kinds of polymeration methods, and the correlations between preparation conditions 
and stationary phase structure. Then my research proposal was presented. 
2. Using pentaerythritol tetrakis (3-mercaptopropionate) (PETMP) and octa vinyl 
POSS (OVS) as monomers, OVS-PETMP hybrid monolithic column was prepared via 
thiol-ene reaction. Choice of the solvents to prepare monolith was investigated in 
detail. Additionally, this reaction was also used to modify POSS. The results obtained 
suggested that the concentration of the monomers used was biggest in a ternary 
solvents medium containing THF/MeOH/PEG, and a typical monolithic column could 
be obtained. The resulting monolith exhibited high permeability (B0 = 3.15  10
-6 
m
2
 
using water as mobile phase), good mechanical stability (good linearity between 
backpressure and flow rate of the mobile phase, correlation coefficient R
2
 > 0.999) 
and thermal stability (decomposition temperature T > 340 ℃). However, restricted by 
the OVS solubility and PETMP oxidation properties, the resulting monolith presented 
low efficiency separation in reversed phase mode although it had a well-organized 
structure. The plate height was only 42.09 μm for toluene and the corresponding αCH2 
was 1.345. It also had a strong interaction with polycyclic aromatic hydrocarbons but 
couldn’t make them selectively separated. Moreover, thiol-ene reaction was used in 
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the modification of POSS, but the production rate was extremely low. Further 
modification process was hard to follow and purification hard to process. Under this 
circumstance, I didn’t go further to directly prepare monolith and modify POSS using 
thiol-ene reaction. 
3. Using octa epoxy POSS (EP-POSS), octa phenyl amino POSS (PAM-POSS) and 
aminopropylisooctyl POSS (IAM-POSS) as monomers, PAM-EP-POSS monolithic 
column and PAM-EP-IAM-POSS hybrid column were prepared. Effects of the 
composition and concentration of monomers as well as the solvent composition on 
morphology and separation performance were systematically investigated. Both the 
monoliths obtained had homogenous structure, good mechanical stability (good 
linearity between backpressure and flow rate of the mobile phase, correlation 
coefficient R
2
 > 0.993), thermal stability (decomposition temperature T > 400 ℃) and 
high permeability (B0 = 2.22  10
-11 
m
2
 using water as mobile phase). They both could 
be used in reversed phase mode. Meanwhile, hydrophilic PAM-EP-POSS monolith 
could be obtained by adjusting the monomer proportion. Considering the bad 
distribution of the internal pore size, performance of PAM-EP-IAM-POSS monolith 
was not as good as PAM-EP-POSS monolith. Alkyl benzenes and alkyl benzene 
ketones were separated efficiently on PAM-EP-POSS column in reversed phase mode. 
The plate height reached 6.42 μm for toluene. PAM-EP-POSS monolith also was 
applied to the separation of compounds. Separation of amino acids and organic 
carboxylic acids with aqueous mobile phase containing 0.1% TFA were realized. 
Under the condition of 40% ACN, it was selective for the phenol isomers. While with 
80% ACN, it presented a typical HILIC behavior in the case of the four small 
molecular probes (toluene, DMF, formamide and thiourea), their corresponding 
theoretical plate heights were 9.70 μm, 7.46 μm, 7.98 μm and 8.78 μm, respectively. 
Without addition of other salts, inorganic anions (IO3
-
, BrO3
-
, I
-
 and Br
-
) could be 
separated with 20% ACN containing 0.1% TFA in weak anion exchange mode. All 
these results indicated that by using epoxy-amine reaction and highly active POSS we 
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could obtain the monoliths of homogeneous structure, and they could be used in 
various separation modes with high efficiency. 
4. Using Boc-protected amino carboxylic acids to modify 
octa(3-aminopropyl)silsesquioxane hydrochloride (OAS), we obtained 
L-phenylalanine-POSS (POSS-PA) for the preparation of chiral monolith, and 
different length alkyl-modified POSS (POSS-C6 and POSS-C12) for preparing the 
monoliths of different polarity. A preliminary investigation of the solvents 
composition for the chiral monolith preparation was performed, finding that the 
solvents remarkably affected the morphology of the obtained stationary phase. 
Although porous crosslinked monolith could be obtained when MeOH/DMF/PEG 
(50/40/10 by weight) was employed, its through-pore size was larger than 5 μm. Such 
a big through-pore size was not favorable to the retention of analytes. Clearly, further 
optimization of the preparation conditions will be needed. 
5. Achievements of this dissertation were summarized, and the remaining defects as 
well as future work were also proposed. 
Keywords: POSS-based hybrid monolithic column; thiol-ene reaction based hybrid 
monolithic column; epoxy-amine reaction based hybrid monolithic column; 
monolith-based capillary chromatography 
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